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Ac c ur ate andco mpr ehe n siv e ass es s m e ntofthepar am etersthatc o ntrol key ahn o spheric
and bio sphericproc essesin cluding ass e ss m entofanthropoge nlC effects o n clim ate cha ngeis a
finda m e Ⅱtalm e as ure m e nt obje ctiv e of N AS A
'
s EO Spr ogr a m(Kinga nd Gre e n sto n e, 1999)･
Satellite asse ss m entproBTa mS alldas so ciatedglobalclllTlate m odels requ r e v alidatio n and
additon alpar an wteriz atio nwi dl丘equ e ntreliablegrou nd-basedobs erv ationsI A critic aland
high1y un c ertain ele m e ntof the m e asure m entprogr amis characteriz atio n oftropospheric a eros ols
requiringbasic obser v atlO nS Ofa ero sols optlCaland microphysic alproperties･ Uhfortu n ately a s
yet w edo n otkno wthe a ero sol bu rden m a nis c o ntributingto the atm o sphere a nd thu s w e will
hav e n odefinitiv e m e astLre Ofchangefo rthefuture. m i§la ck ofaero solas es m e ntisthe
impetusfo r soTle Of theE OSm e as ur e m ellt aCdvitie s(Ka 血 a n et al一, 1997;K ingetall,I999)
and thefo r m atio n Of di eAE R O N ETpro甲rn(Holbe n etall,I998)･ T hego als of theA E R O N E T
progra m areto de v eloplo ngter m rn o nto rlngatglob allydistributedsitesprovi dingCritic al data
for 皿dti- a n n u altrendcha ngesin a ero s oll adinga nd opticalprope rtieswi the spe ciflCgOalof
pro viding adatabasefor v alida丘o n ofs atellitederiv ed ae ro sol ptlCalpr opemies.
T heA E R O N E Tpr ogr a mha s e v olv ed into anintern atio n al federatedn etw orkof
appr Ⅸim atelyI00gro u nd-basedre m ote s en slng m O nitorlngStatio n sto cha ra cteriz ethe optical
and micr ophysicalproperties ofae m s ols. T he r ec ogniz edimpo rta n c e ofthes e m e asu r e m e ntsto
theinle m atio nals cierrti鮎co m m lmilyha slike wis e evolved. Initialreqtlu
･
e m e ntstOpro vide
impro v edchara cterization of the atm o spherefo r atm o spheric c o rr e ctio n of RS data w aslater
a ugm e nted bythe n eedto validate ae ro solrebie vals &o m satellites(Holbe】ユ et al.,1998).
Dev elopm entofclo tldclear eda ndqtlalitya Ssured data setshas a n chor ed thateffort(S mim o v et
al
l,
1999)･ Re ce ntgrow l and de v elopm e】1tOf theprogra mha sfurther shi&ed e mphasis to a
c o mplim e ntary syste m withs atellite a erosolo wingto theimpro v edandn e wmicr ophysic al and
op血 alproperties r etriev ed li
'
o mtheglobal1ydistribtltednetw orkofin stn lrn erltS(Dubovi kand
K hg,200)I A ERO N ET m eaヲtH'e m e ntS Char acteriz etotalc olu m n aero s oloptic alzuld
microphysicalpropertiesinr eglO n Sdifficultforpassiv e satellite system s, m partic ular o v erland
wherelo w a eros ollo adingand highsu rface reflectan c epre sents o nly a w e akn oisy slgn al fo r
s atellite r ede valsbtltisinthe nor m aloper atlngrangefor s 皿photoln etlY･ Fu rtherln O re, the
dlVerSiQ' of･ge ogr aphiclo catio n s, a e r o s oltypes, alld w ater v aporregim esdictatesn ew
oppo rhmitiesfordata c ollectio n, a nalysts Ofres ults a nd coz71ParlSOn StO S atellite, airbo m e and 血
Situ obs erv atio n al data s etsI Cle arly, progressinthe e arths cie n ce si driv enby m or e and better
m e a sur e m e nts integmtedwi thrigoro u s model dev elopm eTIt and an alysIS.
TheA E R O N E Tprogra mprovi des an arr ayofa ero s ol ptlC al and microphysic al
properhes丘o mi m r sio n ofdire ctspn a ndsky radiancem e as ure nentsin theU V, visible and
n ear-in b red w av el 1g血s atappr ox 皿 atelylOglob allydisbibutedgr o und-bas edsites. The
resdtingteTEIPOral data -base ofc olt m integratedspectrala ero s ol ptic al thickness, spe ctral
slngle sc atteringalbedo,5PeCtralphasefunctio n,pa rticle siz edistributio nam ongotherpara m eters
ar equ alib' ass ureda ndclotlds cre en ed. Acc ura cy ass ess m e nts offield instr u m e ntsha v e sho wn
初)icalu n certainties of 士0･01, iO･03 andi:0.01 fo r■A O D, single s c at eringalbedo a ndeffe ctiv e
radiu s respe ctiv e一y, w ell wi th hthe eEPeCteda cctLra Cyrequired for co mparlS O n StO andvalidatio n
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ofs ate皿ite rebiev als･ Validatio nisfa cilitated byde v elopm e ntofadailyupdatedpar am eter
speciflC SPre adshe etof al1 A E R O E N Tsitesthus allo wingdir e ctte mpo ralc o mpariso n sfo r all
sites as n e edd forsatellite retrie vals a ndstadstic alass essm ent.
AERONE Tsitesin clude m osta ero soltypess u chasbio m assbuming,
.
u rban/indu sぬ1
sulfate
,
biogezlic, m arin e and des ertdustaer osls as w ella5 V ario u s c o mbinatlO n S Of the abo v e.
Thesedataha v ebe e n comparedto se v erals tellite aerosolr etrievalsyste m sinan effo rt to
pr ovi de a n as se ss m entof diePr o cessingalgorithm s and ultl m ately assistin aglobala er o;l
a ssessfn ent･ T O N S
,
A V H R R
,
and M O DISr eprese nta widediv ersity ofs atellite syste m
r?solut10 n S, Pe Ctralse n sidvity and m ethods us edto r etrie v eA E R O S OLoptic alpr opertiesthat
hav erecentlytakenadv antage of dleA E RON ET data -bas e･ Follo w.ngis abriefs u m m ary of the
r esults andappro a ches take nto as ses s s atellite retrie v als ofa ero s ols.
T O M S
Total Oz one MappingSpe cb
･
o m eter(T O M S)de v elopedto assess o z o n e c o n ce ntrationsin
the e arth
'
s atm ospher ehasbeenpr o c essedtodete ctandcharacteriz eBlobalaer o sol dyn amics
(He rm an etal･,1997and ToJr eS etall ,1998). T h¢ appro achtlS eS Spa Ce･ m e a S u r edradianc esin
the330-380n m ra ngebytheT O M Ss eries of instru m e nts a ndtake s adv a ntage oflo w a ndsimilar
renectan c es ofw ater andla nd intheU Vallo w mgcha ra cterization ofaero s ols. Tw o m ethods are
us edto char a cteriz e ae ro sollo ading,ba sedo n abs orbinga ero s ols(c arbo n ac eous andlAmer al
du st)a ndsc attering a er os ols s ulfatebas ed aero s ols･ Indiefor m er ca s e, m ultlPIc Rayl占igh
s catteringin cre ase sthephoto npath 1ength andthe opportu nity ofabs oIPtio nbyU Vabso rbing
aero sols･ S inc ethiste clm iqu edepe nds on m ole cula rscattering, inaddit o nto a ero s ola mo u ntand
microphysic alproperties, the m eas uredr adian c es at thetop of the ahn osph6re alsodepe ndo nthc
heightabo v ethegrot mdof the abs orbinga erosollayer. T he n on - absorb ingae ro s olm edlOd
depends o n addedsinglyscatteredr adian c eto thebackgrou ndsca teredradian c es, thu sisn ot
depe nde nto ntheheightdf the ae ro sollayer(Torreset al., 1998). Thegreatadv antage of the U V-
T O MSappro a chesis a er os olchara cteriz ado n o v e rice a nds n o wBeela nda nd w ater stlrfa ces
,
dailyglob?Ico v erage a nd lo ng-te rmdata ar chiv ebutthedisadv antageis s ubpix elclo ud ･
co ntamin atio n ofthe ldativ elylarge40x40km pi立els. Cle arly ass ess m e ntof the retrie vds u cc ess
is ne eded.
Thefo no wing analysisis r epo rted byTorr es ctal.,(2000). Sixland-based A E R O N ET
sites were chosenfo r co mpmio nto the･EP
-T O M Sr etrie v alsin theUSrepresentingthre e n o n-
absotb ing ae ro solsitesin theU StlPpermi dw est,lo w ergre atplain s andea ste m U S;tw o mineral
du stdomin ated(buts o m e s m oke)sitesinW estA 丘ica a nd Mo ngu,Za mbia affected by alo ng
bio m assbumingse as on ･ E P- TO M Sm e as u re m ents w ere av eragedo v er al 曳1
o bo x c entered
o v er血eA E R O NET site a ndc o mpar edtoquality ass ur ed(S mim o v etal., 1999)a v eraged
A E R O N E Tobs erv atio n swi th in 30 min utes ofs atellite o v erpass･ A u A E R O N E T A O Ttim e
c o mparis o n s cle arlyshow a c o rre spo nden c eho w ev erlargedepartures ar enoted. Analysis of
sc atterplots of EP-TO M S A O TvsA E R O N E T for也e no n abs orb ingslteS Cle arlyillu stratesthat
5rl:dye,OePdh;21.dfe～PoT5Si's13.g;'bOL2e乙
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s unphoto m eterA O Tm e a su r e m ents e x ce ed ingO･2 thelev elofagreem entis within thepr edicted
ac?tLra Cy(i20 %)ofco rre ctvalu es(Torres etal･,1998and To rres et al.,2000). Cle arly o v er
estlm ate sbyEP-T O MS m aybe attributedto optlCallyth inclo udsin cre asingdie Obs e rv ed
radian cewi theTO M S F O V.
Co mpariso nto abs o rbing a er o s ols sho w s a similartrendoflo w c o rrespondenc e atlo w
A OT ho we v ertheR2ishigherdu eto thelarger op血c al depths observ ed at the se sitesdrivingthe
c orrelatio n･ M o stpointsdofall wi th in theli mis ofu n c er ainty estim ated byTorres et al.,(199S)
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that m aybe attributedto aerosol hpight, Blo ndc ontam inatio
,
n a ndpr es cnbeds u rfa cereflectrvity･
ltispo 血Iated dl at岳o m e ofthe r ando m u n c eftainb,in theQOTnParisonisdu eto 血e v ariability s
the a er o s oldistdbudo n a cro ssthe1oxlobo x which-is hotrefle ctedpin
'
the AERO N ETpo血t
observ atio n.
A V H R R
Zhao etal,(2000)addre ss edtheis su e ofpr oper s a mpling of A E R ONE Tands atellitedata
fo r c o mpr ehe n siv e valida丘on ofs atellite a ero s olr etrie vals･ Their appro achis to standardiz ethe
v ahdat10 nPrO C edu ebyide ntifyhgthro ughsen sitivity studies optim alti.n e/spacelT utCh-tip
windo ws･ the e n s e mble statistic alan alysIS and
lthebe sts ele ction ofchan n els ofs um-photom eter
ob5er V adon andn u m ericalschelTletOintelPOlate/extr apolate S ULIPhoto m eter obs e n
,atio n sto
s atelhte cha n n els. The v alidationpro c edu re w a sde v eloped for a ndtested with N O A A
-
4/A V f R RandT R M /C ER ES(VIRS)u sing O C e anicAE RO NE Tsites withthe added
c o mplic atio平Ofe xtrapolat10 ntO I･6 pm n otm e as u red bv c urre ntA E R O N E T instru血e nts･
Tlm e
.
asps?ts ofv aBdabo n w er e addres sed,the c alibr at品ムwin do w siz e(100,200,300,400and
500 km radius),tim e年o m o v erpasswindo w(1,2, 3, a nd 4 hr),interpola血 nbetw e en bandsto
a chle V ethebestspe ctralm atchup, a ndtodeter millethebestln ethod ofsele ctl血B POlntS W地 ina
tim e/a) ac ewindo w･
A.s erie s ofline aregressi 血s a re c o mputed 舟o m aero s oloptlC al depthand AllgStr O m
expolle nf(て幻 VSTs, a nd∝d V S α叩)s c attergra血sfo r a v arieb, of dailytim eandspac e m atch-up声I
The reBre
.
S Sio npar a m et rs(hterc ept, slope, stan申rd･de viadon andR
2
)m aythe nbe a nalyz ed･ A
n o n zero Interc eptS uggCStthe retrie v alm aybe ass o ciaLted wi thsyste m calibr atio11由
.
o r or
impr oper ass u TIPdo n ofo ce all S urfa c e ren ctio n. A n o
■
n -tmib,slqpeindic atesillC O n Siste n cy
betw eenthe aerosol micr ophysICS modelu sed in ther etrie val algorithm a nd thetru e m odel.
Se v e n o c e anic arid
,
co astalsites w er e u s ed bothtogether and individu allyirlthe a n ab,sis.
Res ults&o mthis n v estigatio n are abs olutely cle ar. Z ha o etal. :(2000)repo rtn ot
un expe ctedlythatlhr/100km pro v edtobethe opt皿 altim e spa ce m atchup pdforAV HRR
bandsbr acketed bytheA E R O N E Tw av el ngths,n o sigldlC antdiffer en c e w as obs erv edin
chan n elc o mb inatio n s. They als odeter minedthat an en s e mble ofpoinisfalling within the
lhr/100km windo wissllperio rto specific selectio nqriteriainpartforl mprO Vedstatisticswith the
gre ater number ofen s e mblepoints. Withthei,alidatio npara metg占cle arlyde血 ed, Zha o etal.,
(200Q)addre占s edqu estions o ntheglobal A VHRRretriev alsetrelatingto retrieval血odel
I
pa ra m e血rs, aer o s ol切)c s, and vie wing ge o m etry.
M Oi)IS
TheM O Der ate res olutio nlm agimigSpe ctror adio m eter(MODI.S)abo a
rdN AS A
'
s Terra
isthe m o stadvan c edsaiellitesyste mto retrie v
■
e aeros oloptlC alpropcrtiesinclud ingdaily,global
aer osplchar a cterizatio n(T9nristal一,1997;.
Ka u血 an et all,.
1997)･ Ov etclo ud-free,glintfree
o c ea n
_
s c en es
, the MO DIS a erosolalgori thmin v e中 也e m e as ured50m res olution radian ce 丘o m
six M O DIS bands(O155-2･
‾
13LLPl).toretrievetfLe ae ro s olinfo r m atio non a10 km grid.Specifi?
r etde valsinclud卓iero s oloptical 血icknessins e v e n w?v ele ngths,the effettiv e r adiu s of the
a er9sotthe年attion ofdietotalpptic･al dlickn9SS C O Etri buted bythefhe m oqe aeros ol and
v ario u s a er OSdl-rぬtedqtLantitiesderiv ed&o m th_es epr
im arytetri?v als(Tan ri etal. 1997).
Re m er etalー(2000)u s e a m or e r estrictivetiln e Spa c e Win do w(30
'
min/50km squ are)
than Z ha o･to cpmpare to the AE RON ET obs erv aLtion s, S inc eAugu st, 2000, ele v e nA E R O N ET
stado n s w er ein ch ded inthc心alidat10 ndata set, These r eprese ntthe Mediterr a npan(4 statio n s),
the c o astalw este m No rth Atla ntlq(2.
sta申o n革),the.C肝1bbe an(2 st血 )n s)andafe wislandsitesin
the c entral Northa nd So uth Atlahti9(2 station s)a nd h dian o c e an s(1 tatio n)∴ThePa ciflCis n ot
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repr esented. All M O DIS data u s ed in dlis 血dy ar ededv ed wi h Version 2･61 ofthe alBO 血 m
(http://m odis- atn o s･gsfc･n a s a･BO V)･ ･All A E RON ET data is･Le v el i.5, ･ which indic ates
preliminary cloud.cle a中g,but n ofin alc alibration OrQu alio Assu ran ce(S mim o v et all ,-200)･
MO DIS deriv estw o prlm ary Siz epara m eters:the eqe ctiv e r adiu s of the total a ero sol siz e
dlS廿1btJtio n and the fra cdo n of optic al thickne ss c o ntributed
･by the fin e.rn Ode aero sol.
AE R O N ETe mploys the Dubovi kand K 血g(2000)in v ersio n o nthe sky radian c edata toderiv e
the a ero s olsizedis廿ibutioil alld丘om the siz edistributio n c alctllatestlle effe ctiv e raditlS a ndthe
aer os olv olur n ein e a ch m ode. T he Dubo vika nd King(2000)effe ctiv e radiu sisidenticalto 血e
M ODISeffe ctiv e r adiu s aJld dire ctb′ comparable. The M O DISratio ofoptlC althickn e ss sho uld
c orr elate to the A E R O N ET ratio of v olu m ¢s, butitis n ot the s a m eqtla ntity, a nd the tw o
par a m eters arenote xpe ctedto agre eqtlantitativ ely.
The ele v en site en se mble agreem ellt, aSr eprese nted bythelin earfLt(R
'
亡 0,88 at660n m),
is e x c eption ally goodand w ellwith h the expe ctedtユn Certainty(AJC ･ = j=0.03土0.05て)(Ta nrietal.,
1997;Tallli et al., 1999; King et al. , 1999). The validatio n ofthe effective radiu sandthe
compar is o n Of the ratio of m odes ar e■rn adefordata withT66]> 0.15. Fo rm o stofthe range of
sizes in dlisdaia s et, MODISretrievalsfal wi thin 土0.10pm oftheA E R O N E Tr ebie v als, TT1¢
co mparis on of m odal ratio sindic ate defillite c orr elatio n, e v e lltho ughthe v alu esof the tw o
par a m etersdiffer. This c o mparis o nwitllgro u nd-bas ed datagiv es u s c o nfide n cethatMODISc an
differe ntiatebetw e e nlarge m ode alld s mallm ode a ero s ol, a nd begin to qu a11ti&the siz e of the
a erosolparticles.
T hesethre e ex a mples ofsatellite aero s olvalidatio n repr esentv eryre c entuse of the
AE R O NE T data-bas e･ As n ew A E RON ET datapr odu cts ar edev elopedandmicro a nd m ega
validatio ndata-bas esimpro v ed and m ade available olltheA E R O N ETw ebsite
幽 , opportu nitie,sfo rm uユtis atellite,ground-ba s edand m odel
c ornpa n s o n s a ndv alidatio n s are exp ctedto aris e a ndimpr o v e otlr u nderstanding of theglobal
aerosol dispo sition.
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